Natural tick transmission of infection by Borrelia burgdorferi induces a very different serum antibody response than needle inoculation of spirochetes. We present data, obtained by using the mouse model, that show that the OspA response was barely detectable, whereas all animals developed significant anti-P39 titers after exposure to B. burgdorferi-infected ticks.
Lyme disease is a vector-borne bacterial disease caused by the spirochete Borrelia burgdorferi (4, 20) . This infection is transmitted by ticks of the Ixodes ricinus complex, and the reservoir of infection is commonly small rodents, which are chronically infected but not susceptible to disease (6, 13) . The immune response to this spirochete has been studied with a number of small-animal models infected by needle inoculation. In all of these studies, a significant response to the outer surface proteins A and B (OspA and OspB) as well as flagellin was observed (2, 8, 11, 16) .
Analysis of the response of mice and hamsters to tick transmission of the B. burgdorferi organism has yielded very different results (9, 15) . In these experiments, no response to OspA or OspB was apparent by Western blot (immunoblot), and the response to flagellin was variable early in the serum antibody responses of recombinant inbred mouse strains. In most studies, the description of these data was subjective, especially in the determination of relative molecular weight by migration of these proteins in sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Furthermore, SDS-PAGE and electrophoretic transfer to nitrocellulose filters required denaturation of these molecules. The possibility exists that the antigenic epitope recognized by serum antibodies is lost upon denaturation and renaturation in the buffers used in Western blot assays.
In order to address these questions, we generated cloned gene products for OspA and P39 for use in an enzyme-linked immunosorbent assay (ELISA). We infected four mice each of strains BALB/c, C57BL/10 (B10), B10.BR, and B10.D2 as well as outbred mice with B. burgdorferi by exposure to 10 nymphal Ixodes ticks carrying strain B31 of the spirochete. Each mouse had at least four ticks feed to repletion, and all mice in the study were shown to be infected by ear punch biopsy and subsequent culture (19) . Sera from these mice were drawn 1 week before tick exposure (prebleed) as well as weekly after the ticks had dropped off. Groups of four outbred mice were also inoculated intraperitoneally (i.p.) by needle with 107 or 108 B. burgdorferi organisms (high-passage strain B31). None of these animals became infected even though they were exposed to significantly more organisms than the estimated 103 to 104 transmitted by each tick (4) .
OspA was expressed as a fusion protein with the first 81 amino acids of nonstructural protein 1 (NS1) of the influenza virus from plasmid pOA21. This plasmid is a derivative of pMG27N (10) a Reciprocal titer for four mice per group. The mean optical density + standard deviation (SD) was calculated for each doubling dilution with duplicates of each serum sample from the four mice in a group. The last mean ± SD to remain above the mean ± SD for prebleed sera from those mice was taken as the endpoint titer for that group.
infected by tick transmission of the spirochete generate a minimal serum antibody response to OspA through day 60 postexposure, as tested by ELISA. This result was not due to a potential lack of ability of the outbred mice to respond to OspA; all outbred mice injected i.p. with high-passage B31, 107 or 108 spirochetes per animal, developed a high anti-OspA titer that remained high throughout the course of this study.
On the contrary, all of the outbred mice exposed to infected ticks generated a significant antibody response to the P39 protein of B. burgdorferi. This response was detected by day 12 in these mice and was seen throughout the 60-day course of this study. These results indicate that there is negative modulation of the immune response to OspA in tick-infected animals. This finding is made more significant by the observation that OspA is a prominent outer surface protein and is expressed in high concentrations on OspA-positive strains of B. burgdorferi. This result is not due to the lack of expression of OspA in the tick, since OspA is easily detected in ticks by direct immunofluorescence of dissected gut and salivary gland tissue (12) as well as by antigen capture ELISA of tick homogenates (5), both assays performed with antibodies specific for OspA.
The same result was also observed when inbred strains of mice infected by natural tick transmission were screened by ELISA for antibodies to OspA and P39. The results in Table 2 show that the inbred strains included in this survey had minimal antibody responses to OspA after natural infection. These mouse strains had a readily detectable response to OspA when they were inoculated i.p. with cultured spirochetes and the sera were assayed by Western blot, as reported by Schaible et al. (16) . As with the outbred mice, there appears to be an immune modulation of the response to OspA after 
